Abstract:This paper deals with two different techniques of vector method-related direct torque control: the conventional (DTC-C) and the space vector modulation (DTC-SVM). Both are used for an induction motor in the photovoltaic pumping system. Based on instantaneous space vector theory, and with an optimal selection of the space voltage vectors in each sampling period, the DTC achieves effective control of the stator flux and torque. Consequently, the number of space voltage vectors and switching frequency directly influence the performance of the DTC control system, giving an advantage for a rotor position free control system. In order to improve the efficiency of the photovoltaic generator, maximum power point tracking techniques are investigated. The incremental conductance (Inc-MPPT) algorithm is applied to the system with variable temperature and irradiance conditions. DTC associated with Inc-MPPT allows the system to operate at its maximum power, with a good performance and fast response without overshoot. Comparing the two control techniques of torque, it appears that DTC-SVM optimizes not only the photovoltaic conversion efficiency but also the losses in the induction motor, and it improves the water flow quantity.
Introduction
The induction machine (IM), by its robust construction, ensures a wide range of applications in the industry field. It provides an interesting speed and mechanical energy ratio against DC machines, but its control is more complex. Developments of power electronics, microelectronics, and microcomputers have overcome the problem of the machine's nonlinearity, and with adequate control algorithms, induction motors can have performance variable speed. Thus, various controls have been developed to make this machine with valuable speed, namely vector control by flux orientation, direct torque control (DTC), nonlinear control, and sliding mode control. Flux-oriented vector control is simple to implement and provides a linear torque control of the IM. However, when the IM is subject to this control, it can potentially affect its performance. If the rotor time constant changes, it causes the loss of decoupling, because it is directly implicated in the analytical expression of the automated monitoring. To overcome this and other problems, we operate on the method of DTC.
In this work, we look to determine the most appropriate order to minimize the dependence of the IM parameters and to allow the power suitable to optimize the amount of water. We developed the incremental conductance (Inc-MPPT) algorithm and applied the space vector modulation DTC (DTC-SVM).
Optimization of the solar pumping system
A solar cell is one of the environmentally friendly nonconventional energy sources. It directly converts solar energy into electrical energy. It consists of a PN junction fabricated in a thin wafer or layer of semiconductor. The output current-voltage (I-V) of a solar cell has an exponential characteristic. The behavior of a solar cell can be described by the following equation [1, 2] :
Thus, the simplest equivalent circuit of a solar cell is a current source in parallel with a reverse diode and two loss resistances, as illustrated in Figure 1 .
A solar cell in uniform and constant irradiation has I-V characteristics; for irradiation, there is only one operating point, known as the maximum power point (MPP) [3] [4] [5] . For the latter, the PVG (the whole assembly of solar cells) operates at maximum efficiency and produces a maximum power (P max ). When it is connected to an external load, the applied output voltage and the circulating current are V and I, respectively. The operating point is not necessarily the MPP but it will be the intersection of the I-V characteristics with the load line, as represented in Figure 2 . The power supply of the induction motor-pump by a PVG is complemented by the incorporation of an adequate tracking mechanism for MPP tracking (MPPT) to improve performance and to maximize the amount of water pumped [1, 2] , which is to maximize driving speed for each irradiance and efficiency of the PVG-IM. We have used the Inc-MPPT algorithm due to its stability relative to others. To find the MPP of the PVG should the derivative of the power relative to PVG voltage dP P V G /dV P V G be equal to zero: 
Therefore:
Since the IM-Pump is installed in a targeted PV system, the power supply depends mainly on irradiation, so it is constantly changing. In this context, it is necessary that the required power be adjusted continually with the energy production of PV panels [6] [7] [8] .
Modeling and simulation of a photovoltaic pumping system
The torque in any regime is expressed in the (dq) reference as a cross-product of current components and flux components as shown in Eq. (4). If we eliminate the second product, the torque is similar to that of a DC motor:
It suffices to guide the (dq) reference so as to cancel the flux quadrature component. That is to say, we choose the proper rotation Park angle so that the rotor flux is entirely focused on the direct axis (d). The torque and the flux are then written:
where 
Results and interpretations of the simulation
Under irradiance G = 1000 W/m 2 T = 25
• with the Kyocera Model KC-50, the total number of PVG modules is 69 modules, 23 modules in series with three parallel rows. If we take the PLM-250-M-60, the total number of GPV modules is 13 modules in series with a single row. We simulated two types of IM, type P m = 2.2 kW and type P m = 1.5 kW. Our simulation will be presented with the first application of the DTC-C. The block diagram of the DTC-C applied in the PV pumping system is presented in Figure 3 . In the following we study the influence of the evolution of the irradiance and electrical parameters on the driving performance. The figures below illustrate the performance drive for sudden changes in irradiance. In Figure 4 , we present the increasing irradiance, varied from 500 to 800 W/m 2 , to visualize the behavior of the system caused by changing In Figure 19 , the stator flux reaches the reference value immediately by 0.8 Wb with a slight excess of 0.09 Wb wave amplitude around the reference value. One can observe a speed close to the sinusoidal components of the stator flux. The trajectory of the end of the stator flux is almost circular in shape with a radius equal to 0.8 Wb. This control method has the following advantages: by not requiring calculations in the reference rotor (d q), there is no calculation block modulation for PWM voltage; it is not necessary to make a decoupling current compared to control voltages; it has only one controller; the outer loop speed; and dynamic response is very fast due to the absence of a PI controller for the current with a quick response pumping system. The disadvantages are: the existence of undulations in the electromagnetic torque, the existence of undulations in the stator flux, the existence of high distortion currents, and switching frequency that is variable on account of the use of hysteresis comparators. Hence, we need to improve this method by DTC-SVM. proposed algorithm for torque and flux control of the IM is verified by computer simulations. The block scheme of the investigated DTC-SVM for a voltage source inverter-fed IM is presented in Figure 20 . We then present the different curves of the simulation to control the system using DTC-SVM. The voltage vectors, produced by a 3-phase pulse-width modulation (PWM) inverter, divide the space vector plane into 6 sectors. In every sector, each voltage vector is synthesized. The simulation results are shown in the curves of Figures 21-30 . To visualize the behavior of the system caused by the change in the irradiance, we consider the irradiance variation 
Comparison between DTC-C and DTC-SVM applied in the PV pumping system
In this section, a series of curves were constructed to check the performance of the proposed system. The simulation results are illustrated in Figures 31-40 . In all curves, the time axis is scaled in seconds. These figures show the speed response of DTC-C and DTC-SVM. DTC-SVM reacts faster than DTC-C when resistant torque is suddenly applied to flowing water. Moreover, tracking performances were improved by the use of the DTC-SVM law, in comparison with those of DTC-C. These properties make the new algorithm suitable for applications where high tracking accuracy is required in the presence of external disturbances. The curve of Figure 31 shows the voltage across the PVG to both controls. For DTC-SVM, the voltage rises rapidly and stabilizes more than DTC-C to a value of 450 V for 0.04 s regardless of the variation of the irradiance. The curve in Figure 32 shows the current supplied by the PVG where we see the same behavior for the power delivered by the PVG in Figure 35 . The curves of Figures 33 and 34 clearly distinguish the sinusoidal current and stator voltage. In the curve of Figure 34 , the current ripple is also notably reduced in DTC-SVM compared to DTC-C. A significantly lower ripple level in torque flux is shown in Figure 38 ; the curve shows the electromagnetic torque and resistance with a time of 0.15 s equal response and reduced compared to DTC-C. The curve in Figure 37 shows the speed of rotation, following the speed of the determined reference value. The last two curves of Figures 39 and 40 respectively represent the HMT with a value of 50 m and the water flow with a quantity of 2.18 L/s. These two parameters were more stable in the control of DTC-SVM than in DTC-C. The overall torque and flux control system was verified to be robust to the variations of motor mechanical and electrical parameter variations. Simulation studies were used to demonstrate the characteristics of the proposed method in the photovoltaic pumping system. It was shown that the controller has better tracking performance and durability against parameters variations compared with DTC-C.
Thereafter we changed several parameters of the PV pumping system for comparison and evaluation of the performance of each control. We can interpret the results previously cited of the comparison between DTC-C and DTC-SVM applied in a PV pumping system by changing some parameters: transient performance, steady performance, and optimization of the quantity pumped.
Transient performance
Comparing transient concerns, we use the settling time of the torque in the case of a transition charge and for different values of speed for two cases: DTC-C and DTC-SVM. The results are grouped in Table 1 . Overall, we find that the settling time of the torque in DTC-SVM is less than that given by DTC-C. The validation is done for control with a speed loop. The object is to select the best reaction that gives us a better torque setting for all two controls. According to the results, we note that for some times and for different values of speed ( ω = 300, 150, and 100 rad/s), the settling time of the torque in the case of DTC-SVM is faster than that of DTC-C. Thanks to this comparison, we chose the results of the DTC-SVM, since it provides a better response.
Steady performance
For a reasonable comparison, both orders must have the same switching frequency of the inverter. However, in the DTC-C, the frequency of the inverter is variable and so comparison can be difficult. A simple approach that does not really solve this problem is to adjust the bandwidth regulators' hysteresis torque and flux. The switching frequency of the inverter is nearly fixed. The comparison is made at the level of the pulses of the corrugations of the stator currents with respect to the reference quantity. The ripple of torque and stator current distortion in the DTC control differs for diverse applications of load and speed. For example, if we take a speed of ω = 100 rad/s and T load = 10 Nm, we can say that our choice is DTC-SVM, since it provides a slight reduction in the ripple torque of both variables and stator current. We observe a good performance of DTC-SVM particularly for stator current and electromagnetic torque, which is considered as an indicator for greater accuracy in setting variables. Note that the convergence is significantly faster in the case of DTC-C. Table 2 presents the variation of the amount of water pumped for DTC-C and DTC-SVM applied in the PV pumping system for G = 1000 W/m 2 with HMT = 20, 30, and 45 m. We notice the increase in the extraction of the water quantity when we apply the DTC-SVM. 
Optimization of the quantity pumped

Conclusion
In this paper, we have developed a numerical simulation for a system of a photovoltaic pumping system and control structure. We started the simulation by applying conventional DTC, where we noticed that the control is easier to locate and offers a quick and accurate response of the stator flux and electromagnetic torque. This allows a fairly rapid response of the pumping system. With this control, the PWM technique is not required; we used a technique based on a switchboard. However, in general, DTC-C is limited in relation to the requirements of the changes in irradiation and torque fluctuations of the induction motor. For this, we applied the vector control DTC-SVM. The system remains stable even in the event of reduction in the irradiation, which leads to an improvement in robustness with respect to variations in the parameters of the PVG and hence the increase in the extraction of the quantity of water. This is well suited for technoeconomic needs of the order of a PV pumping system. 
